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Abstract 
The development of transferrable skills at the Estonian Gymnasium level, research is conducted in 44 different representative 
schools with 2048 students was investigated. The instrument was based on a relevant socio-scientific contextual situation of 
lactose intolerance that was presumed to test the abilities of transferring the biology knowledge into new situation. The tasks 
measured biological content knowledge, reasoning, divergent thinking, problem solving and socio-scientific decision making 
skills. Results revealed that the new curriculum focusing on the development of students’ competencies has not yet had a 
considerable effect. Results further indicated that the students’ ability to transfer their biological knowledge into new situations 
was quite poor and they did not increased significantly during the one year studies in gymnasium. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Surveys carried out on the views of employers show that there is a clear emphasis on the analytic, critical, 
reflective, and transformative attitudes of school graduates (Hiong & Osman, 2013; Voogt & Roblin, 2012). The 
development of key competences for lifelong learning has been also an important target for national curriculum 
policies in science education (Pepper, 2011). Students learning biology, are expected to require skills and abilities 
distinct from academic knowledge in their future working life (Clarkeburn et al., 2000). Nevertheless a problem to 
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be faced is how to make biology studies relevant for students in order to increase their intrinsic motivation. Recently 
suggested ideas for increasing the interest towards learning science, including biology, is through making use g of 
socio-scientific issues (Lee, et al., 2013). Socio-scientific issues (SSI) are proving to be effective in developing 
students’ creative problem solving, decision making and socio-scientific reasoning skills (Eastwood, et al., 2013; 
Sadler, 2005).  
Similar relevant socio-scientific issues were promoted by our research team as effective in measuring the 
transferable skills of students. In this case,  learning was determined  within biology classes on socio-scientific 
issues related to human digestion and genetics. A scenario related to lactose intolerance was created for that purpose 
and included both scientific and social components. While 65% or more of the total human population are lactose 
intolerant at birth?, in some human populations, lactase activity? commonly persists into adulthood. Lactose 
tolerance is exceptionally widespread in Northern European countries, such as Sweden and Finland, with tolerance 
levels of 74% and 82%, respectively (Vuorisalo, et al., 2012). In Estonia as a typical Nordic country, 28 % of people 
suffer from lactose intolerance (McCracken, 1971;  Kretchner, 1972) ensuring this topic has gained attention in 
Estonian society. 
Theoretical background for this article is based on unified theory of task-specific motivation, especially intrinsic 
motivation (de Brabander & Martens, 2014) and relevance of biology learning (Fitzpatrick  & Kostina-Ritchey, 
2012). The use of socio-scientific issues (SSI) is both effective for engagement of students learning biology (Lenz & 
Willcox, 2012; Sadler, 2011) and for development and measurement of transferability of 21st century skills (Bellotti 
et al., 2014) needed for future workforce (Boyles, 2012). 
2. Methodology 
2.1 Sample  
The research was conducted in a representative sample of 44 different Estonian schools with 1116 of 10th grade 
(16–17 year old) and 932 of 11th grade (17–18 year old) students (N=2048). 
2.2 Instrument 
The instrument was based on a socio-scientific contextual situation of lactose intolerance that is a relevant and 
motivating topic in Nordic countries and consisted of 8 tasks that presumed the abilities of transferring the biology 
knowledge into new everyday situation. The situation was based on an expected visitation of a family (mother and 
triples – two boys and a girl) and their food provision problems arising because two of the students suffered from 
lactose intolerance. The tasks were designed to measure the following aspects: (1) biological content knowledge, (2) 
decision making and reasoning skills, (3) divergent thinking (creativity) skills, (4) problem solving skills (3 tasks 
with different complexity of content knowledge involved) and (5) socio-scientific decision making skills in the field 
of entrepreneurship (managing a private restaurant).  
 
The tasks (1 through 7, except 4) were coded as follows: (1) no answer – 0, (2) wrong answer – 1, (3) partially 
right answer – 2, and (4) right answer – 3. The task 4 (divergent thinking skill or creativity) asked for possible 
privileges of lactose tolerance for human beings and the different answers were coded as follows: (1) no answer – 0, 
(2) one possible adequate privilege – 1, (3) two possible adequate privileges – 2, and (4) three or more  possible 
adequate privileges of lactose tolerance – 4. The similar coding was used for task 8 (socio-scientific decision making 
about creating menus for private restaurant and reasoning this decision): (1) no answer – 0, (1) reasoning the 
decision from one aspect, (2) reasoning the decision from two aspects, and (4) reasoning the decision from three or 
more aspects – 3.   
3. Results and analysis 
The 10th and 11th grade students’ mean results on measuring their transferable skills in the biology test are 
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compared, using Mann-Whitney U test and are illustrated in Table 1. The mean results are very similar and only 
three skills: knowledge (task 1), creativity skills (task 4) and problem solving on the lowest level (task 6) differed 
statistically significantly, but the very small mean differences (0,06, 0,10 and 0,05)  do not have a meaningful 
pedagogical content. 
 
Figure 1 above gives a good visualisation of the difficulty of different types of tasks: the easiest tasks for both 
10th and 11th grade students are using biological knowledge (Kn) in a new context, while the problem solving (PS) 
tasks’ results depend on the complexity of biological knowledge they are connected to, and the tasks of decision 
making (DM), creativity (Cr) and reasoning (R) are also very unfamiliar for the students of both grades.  And 
unfortunately all such transferable skills are shown not to have developed during one year learning at gymnasium 
level. 
 
    Table 1. The comparison (Mann-Whitney U test) of mean results of the transferable skills in biology of the grades 10 and 11 
 
Task 
 
Class 
1 
Mean 
(SD) 
2 
Mean 
(SD) 
3 
Mean 
(SD) 
4 
Mean 
(SD) 
5 
Mean 
(SD) 
6 
Mean 
(SD) 
7 
Mean 
(SD) 
8 
Mean 
(SD) 
10th (N=1116) 2,32 
(0,52) 
1,68 
(0,87) 
2,06 
(0,54) 
1,44 
(0,63) 
1,33 
(0,66) 
2,14 
(0,43) 
2,58 
(0,79) 
1,54 
(0,61) 
11th 
(N=932) 
2,38 
(0,56) 
1,73 
(0,89) 
2,10 
(0,58) 
1,54 
(0,64) 
1,32 
(0,65) 
2,19 
(0,46) 
2,57 
(0,79) 
1,56 
(0,61) 
Z 
Asymp. Sig.  
(2-tailed) 
-2,980 
 
0,003** 
-1,100 
 
0,271 
-1,390 
 
0,165 
-3,563 
 
0,000**  
-0,199 
 
0,842 
-2,387 
 
0,017* 
-0,619 
 
0,536 
-0,475 
 
0,635 
 
    *Significant difference at the 0,05 level of confidence 
  ** Significant difference at the 0,01 level of confidence 
 
 
Figure 1. The comparison of mean results of the transferable skills in biology of the classes 10 and 11. 
*Significant difference at the 0,05 level of confidence 
** Significant difference at the 0,01 level of confidence 
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The descriptive statistics of results of the transferable skills in biology in 10th and 11th grade students are illustrated 
visually in Figure 2. Both data sets show that the frequency histograms are very similar for both grades of students, 
as shown by the quality of answers remaining almost the same. 
 
 
Figure 2. The frequencies of results of transferable skills in biology by 10th (a) and 11th (b) grade students. 
 
4. Discussion and conclusions 
 
The results of the study revealed that the new Estonian curriculum (2011) focusing on the development of 
students’ competences, had not yet had a considerable effect. The statistical analysis of ANOVA showed that the 
mean results of 11th grade students are statistically significantly increased only within three tasks: content 
knowledge (F=7,244, p=0,007), divergent thinking skills (F=10,410, p=0,001) and in one of the problem solving 
tasks (F=5,593, p=0,018) but the real increase of results was not meaningful in a pedagogical sense, as the increases 
were very small. The results of this research indicated that the different types of transferable skills varied 
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significantly: the easiest tasks for both 10th and 11th grade students are using biological knowledge in a new context, 
while the problem solving tasks’ results depend on the complexity of biological knowledge they are connected to, 
and the tasks of decision making, divergent thinking or creativity and reasoning are also very unfamiliar for the 
students of both grades. In conclusion, the result indicated that the students’ ability to transfer their biological 
knowledge into new situations was quite poor (mean results of transferable skills tasks varied from 1,32 to 2,38) and 
they did not increased significantly during the one year studies in gymnasium. At the same time the research 
confirmed that the use of socio-scientific issues is equally effective both in motivating students’ engagement in 
biology studies and measuring the transferable skills of students. 
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